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Summary
The response of phenolic composition of skins from 
Vitis vinifera L. ‘Tempranillo’ and ‘Graciano’ grapes to 
water-deficit irrigation during berry growth and ripen-
ing was evaluated. The study was carried out using con-
tainer-grown grapevines grown under controlled con-
ditions in a greenhouse. Two irrigation treatments were 
imposed: control (well-watered) and sustained deficit 
irrigation (SDI). Twenty-eight phenolic compounds, 
including anthocyanins, flavonols and monomeric fla-
van-3-ols (catechins) as well as phenolic acids deriva-
tives have been identified in the extracts prepared from 
the berry skins at physiological maturity. For both va-
rieties, water deficit reduced leaf area and leaf area to 
crop mass ratio, and decreased berry size. However, 
there were no changes in juice total soluble solids, pH 
or total polyphenolic content. Water deficit resulted in 
decreased must titratable acidity in ‘Graciano’ ber-
ries. In ‘Tempranillo’, water limitation reduced total 
anthocyanins and flavonols, and increased hydroxy-
cinnamic acids. In ‘Graciano’, water deficit resulted in 
increased flavonols and reduced catechins. Altogether, 
we concluded that under water-deficit irrigation, ‘Gra-
ciano’ grapes presented a differential composition of 
phenolic compounds that could result in improved fruit 
quality. 
K e y  w o r d s :  Anthocyanins, flavonols, fruiting cuttings, 
hydroxycinnamic acids, sustained deficit irrigation.
Introduction
Phenolic substances are of profound significance 
to both the technological and nutritional value of grapes 
and wines (DOWNEY et al. 2006). Grape and wine pheno-
lics include two main classes: flavonoid and nonflavo-
noid compounds. Flavonoids, the most important family 
among grape phenols, include anthocyanins, flavan-3-ols 
and flavonols. Nonflavonoids include hydroxycinnamic 
acids and stilbenes. Flavonoids are regarded as one of the 
most important determinants of quality in red grapes and 
wines (DOWNEY et al. 2006). In recent year’s flavonoid 
compounds have also attracted attention for their poten-
tial health benefits (PEZZUTO 2008). Anthocyanins are the 
main agents responsible for the colour of red grapes and 
the wines produced from them, and the individual anthocy-
anin content and composition in grape berry skins is an im-
portant factor determining wine quality because they have 
different characteristics with regard to colour or stability 
(reviewed by HE et al. 2010). Flavan-3-ols exist as non-
glycosylated monomers (catechin), dimers, and polymers 
(proanthocyanidins or condensed tannins). Flavan-3-ols 
play an important role in the taste and conservation of wine 
(WATERHOUSE 2002) and are also responsible for the bit-
terness, astringency and structure of wines (GAWELL 1998, 
PELEG et al. 1999). Although colourless, flavonols seem 
to contribute to both bitterness and to wine colour as co-
pigments (BOULTON 2001, HUFNAGEL and HOFMANN 2008), 
whereas that phenolic acids can participate in copigmenta-
tion (SCHWARZ et al. 2005). 
The production of grapevine secondary metabolites 
can be impaired or magnified by abiotic stress factors such 
as drought. Thus, it has been demonstrated in grape that 
a moderate water restriction is useful to improve orga-
noleptic quality of wine (SIVILOTTI et al. 2005, CHALMERS 
et al. 2010). Changes in vine water status affect polyphe-
nol amounts, indicating that cultural practices can be used 
to influence composition. Water deficit can enhance ac-
cumulation of anthocyanins through the stimulation of 
anthocyanin hydroxylation (CHAVES et al. 2010). Indeed, 
CASTELLARIN et al. (2007b) showed that water deficits ac-
celerated anthocyanin accumulation and increased the ex-
pression of many genes responsible for the biosynthesis of 
anthocyanins. Besides changes in anthocyanin contents, its 
individual composition changed in response to plant water 
status (ESTEBAN et al. 2001, CASTELLARIN et al. 2007a, b, 
BINDON et al. 2008, OLLÉ et al. 2011). However, the effects 
of water deficits on flavonol and proanthocyanidin concen-
trations were smaller than on anthocyanins, showing only 
a moderate effect on flavonols (GRIMPLET et al. 2007, CAS-
TELLARIN et al. 2007b) and proanthocianidins (CHALMERS 
et al. 2010, OLLÉ et al. 2011). 
Grapevine grows well in arid and semi-arid environ-
ments because it has relatively high drought tolerance 
(CHAVES et al. 2010) but physiological and metabolic re-
sponses of berries to water deficit appear to be depend-
ent on the cultivar (DELUC et al. 2009). Spain hosts a large 
number of native Vitis vinifera varieties. However, most of 
those genotypes remain uncharacterized, which limits their 
ability to improve berry quality traits. V. vinifera L. ‘Tem-
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pranillo’ is a representative red wine Spanish grapevine 
variety with early ripening widely cultivated in northern 
and central Spain where it is the main variety in half of the 
Denominations of Origin (CERVERA et al. 2002). ‘Graciano’ 
is a Spanish variety autochthonous in Rioja and Navarra 
(Northern Spain) that is used for its intense red colour, 
powerful aroma and high acidity. ‘Graciano’ is traditionally 
used as a blending partner for ‘Tempranillo’ based wines to 
increase their quality (GARCÍA MARINO et al. 2011, FERRER 
GALLEGO et al. 2011). To date, there have been relatively 
few studies that have investigated the evolution of phenolic 
composition during ripening in ‘Graciano’ (MONAGÁS et al. 
2003, NÚÑEZ et al. 2004) and its response to water deficit is 
poorly known. Sustained deficit irrigation (SDI) is a tech-
nique that could potentially be readily adopted by the wine 
grape industry if adequate yields and berry compositional 
attributes met (ORTEGA-FARIAS et al. 2012). Therefore, the 
aim of this study was to analyze phenolic composition dur-
ing berry development and ripening of berries by charac-
terizing the response of ‘Tempranillo’ and ‘Graciano’ to 
sustained water-deficit irrigation. Potted vines were used 
to assure the imposition of a similar water stress pattern in 
both cultivars.
 
Material and Methods
P l a n t  m a t e r i a l :  Dormant Vitis vinifera (L.) cut-
tings of ‘Tempranillo’ and ‘Graciano’ 400-500 mm long 
and 8-10 mm in diameter were selected in the winter of 
2011. The cuttings were propagated by a technique that 
ensured that the formation of adventitious roots preceded 
bud burst using steps originally outlined in MULLINS (1966) 
with some modifications described in OLLAT et al. (1998) 
and ANTOLÍN et al. (2010). In short, the cuttings were rooted 
in a heat-bed (25 °C) inside a cool-room (5 °C) for 30 d. 
Rooted cuttings were planted in 10 L plastic pots contain-
ing a soil-peat (1:1, v/v) substrate. After rooting, cuttings 
were transferred to a greenhouse with a 25/20 °C and 
70/80 % RH (day/night) regime. They were illuminated for 
15 h with natural daylight supplemented with metal halide 
lamps (POWERSTAR, HQI-TS, 400W/D, PRO, Osram, 
Augsburg, Germany), providing a minimum photosynthet-
ic photon flux density (PPFD) of 350 μmol∙m-2∙s-1 at the 
level of the inflorescence. Bud-break took place one week 
after the rooted cuttings had been transferred to these con-
ditions. Careful control of vegetative growth before flow-
ering improves the partitioning of stored carbon towards 
the roots and the reproductive structures. Thus, only one 
flowering stem was allowed to develop on each plant dur-
ing growth. After berry set (end of May), growth conditions 
in the greenhouse were changed to a 25/15 °C and 60/80 % 
RH (day/night) regime with a PPFD of 600 µmol∙m-2∙s-1 at 
the level of the inflorescence. A nutrient solution provided 
mineral nutrition in accordance with grapevine require-
ments (OLLAT et al. 1998).
E x p e r i m e n t a l  d e s i g n :  Two water manage-
ment treatments were applied at fruit set (11 d after anthe-
sis, DAA) [Eichhorn and Lorenz (E-L) phenological stage 
27] (COOMBE 1995). In the control treatment, pots were 
maintained at 80 % of pot capacity. Water-deficit treatment 
plants received 50 % of the water given to control plants 
(sustained deficit irrigated, SDI). The resulting soil con-
ditions during the experiments are shown in Fig. 1. Soil 
water potential (Ψ) was monitored using a granular matrix 
sensor (Watermark Soil Moisture Sensor, Irrometer Co, 
Riverside, CA, USA) placed within each pot. Pot capacity 
was previously assessed by determining the amount of wa-
ter retained after allowing water to freely drain through the 
holes at the bottom of the pot. The surface of the plant con-
tainers was covered with quartz stones during the experi-
ments to minimize water loss due to evaporation. Watering 
was done by hand, providing a fixed volume of nutrient 
solution or deionised water so that the different treatments 
were supplied with the same amount of nutrients during 
water deficit. 
Fig. 1: Soil water potential (Ψ) measured from fruit set to harvest 
in pots subjected to different irrigation treatments: full irrigation 
(control) or sustained deficit irrigation (SDI). Values represent 
means (n = 5). Arrow indicates start of water treatments. 
Berry samples were collected at three stages of de-
velopment: (1) pea size, corresponding to berries 7 mm 
in diameter [E-L phenological stage 31] (COOMBE 1995) 
[27 DAA) for the two water treatments]; (2) veraison, cor-
responding to berries that began to colour and enlarge (ap-
proximately 9°Brix) [E-L phenological stage 35] (60 and 
65 DAA for water deficit and well-watered treatments, re-
spectively); and (3) harvest, corresponding to commercial-
ly ripe berries (approximately 22 °Brix) [E-L phenological 
stage 38] (100 and 105 DAA in well-watered and water-
deficit treatments, respectively). There were five plants for 
each treatment and sampling-time combination from two 
biological replicates. Ninety to 100 berries from each treat-
ment (45-50 berries per biological replicate) were counted, 
weighed, and frozen at -80 °C for further analysis.
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P l a n t  w a t e r  s t a t u s :  Pre-dawn leaf water poten-
tial (Ψ
pd
) was measured with a SKYE SKPM 1400 pressure 
chamber (Powys, UK) on five fully expanded leaves per 
treatment at each sampling date just prior to irrigation. Ten 
berries from each treatment were collected, weighed, and 
subsequently oven-dried at 80 °C until constant mass was 
reached. Berry water content was calculated as 100*(FM-
DM)/FM, where FM is fresh mass and DM is dry mass. 
Y i e l d  a n d  f r u i t  q u a l i t y :  Bunches from 
each treatment type were weighed and all berries from 
each bunch were separated and weighed to obtain yield. 
Berries were weighed individually, mean berry mass was 
determined and berries were separated into skin and flesh. 
Berry volume was calculated using the definition of a 
sphere (4/3 πr3, where r is the radius of the sphere). Leaf 
area was measured with a portable area meter (model LI-
3000, Li-Cor, Lincoln, NE, USA) and the source to sink 
ratio was calculated as the quotient between total leaf area 
and bunch mass. 
A subsample of 25 berries was crushed for determina-
tion of total soluble sugars, pH and titratable acidity. Solu-
ble solids were analysed using a temperature-compensat-
ing refractometer (Zuzi model 315, Auxilab, Spain) and 
were expressed as °Brix. Must pH was measured with a pH 
meter (Crison Instruments, Barcelona, Spain) standardised 
to pH 7.0 and 4.0. Finally, titratable acidity was measured 
by titration with NaOH, and was expressed as g tartaric 
acid∙L-1. 
A n a l y s i s  o f  p h e n o l i c  c o m p o u n d s :  Ber-
ry samples were homogenized using an Ultra Turrax grind-
er mixer (IKA, Staufen, Germany) at 5,500 g for 1 min. 
Thereafter, the homogenate (1 g) was transferred into a 
pretared centrifuge tube and 10 mL of 50 % v/v aqueous 
ethanol (pH 2.0) was added (ILAND et al. 2004). Maceration 
was then allowed for 1 h in an ultrasonic bath (Bandelin, 
Berlin, Germany). The tube was then centrifuged at 2,300 g 
for 15 min (Sorvall RC 6 Plus, Du Pont, BH, Germany) and 
the supernatant was named as the extract. Hydroalcoholic 
extracts (2 mL) were directly fractionated by gel permea-
tion chromatography (GPC) on a TOYOPEARL® gel HP-
50F column (Tosoh, Montgomeryville, PA, USA) using 
the method described by GUADALUPE et al. (2006). A first 
fraction (F1) was eluted with ethanol/water/trifluoroacetic 
acid (55:45:0.05 v/v/v) and a second fraction (F2) was re-
covered by elution with acetone/water (60:40 v/v). The two 
fractions were taken to dryness under vacuum and then the 
first fraction was used to quantify monomeric phenolics 
and the second one was used to determine the proanthocya-
nidin content. All samples were fractionated in duplicate. 
Monomeric phenolic compounds in F1 fractions were 
analyzed by HPLC-DAD on an Agilent modular 1100 liq-
uid chromatograph (Waldbronn, Germany) equipped with 
a G1313A injector, a G1311A HPLC quaternary pump, an 
online G1379A degasser, a G1316A oven, a G1315B pho-
todiode array detector, and Agilent Chemstation software. 
A Kromasil 100-C18 reverse phase column (5-µm pack-
ing, 200 x 4.6 mm i.d.), protected with a guard column 
of the same material (Teknokroma, Barcelona, Spain) and 
thermo-regulated at 30 °C, was used. Individual phenolic 
compounds were identified by HPLC-MS. Anthocyanins, 
hydroxycinnamic acids, flavonols, and flavan-3-ols were 
determined as indicated by GUADALUPE and AYESTARÁN 
(2008). Each measurement was run in triplicate. 
S t a t i s t i c a l  a n a l y s i s :  Data of each variety 
were submitted separately to one-way analysis of variance 
(ANOVA). Data of percentages were transformed with an 
arcsine method before ANOVA. The pH data were trans-
formed to H+ concentrations before running ANOVA. Sig-
nificant difference was statistically considered at the level 
of P < 0.05. The statistical analyses were performed using 
the Statistical Package for the Social Sciences (SPSS) ver-
sion 15.0 for Windows XP (SPSS Inc., Chicago, IL, USA). 
All values shown in the figures are means ± standard errors 
(SE). 
Results and Discussion
Wa t e r  s t a t u s  p l a n t  g r o w t h  a n d  y i e l d :  
For both grapevine varieties water-deficit treatment pro-
voked significant differences in water status at veraison, 
as indicated by the decrease of leaf Ψ
pd
 in comparison to 
well-irrigated plants. However, differences between treat-
ments were not observed at harvest (Fig. 2). Plants subject-
ed to SDI had reduced vegetative growth, as shown by the 
marked decrease in leaf area, and decreased yield (Tab. 1). 
Although significant reductions in the leaf area-to-crop 
mass ratio were obtained in SDI plants, values remaining 
around 9-10 cm2∙g-1 were close to optimal values (between 
6.2 and 10 cm2∙g-1) of grapevine vigour reported by SMART 
and ROBINSON (2006). 
B e r r y  c h a r a c t e r i s t i c s :  Berry size of potted 
grapevines was smaller than those obtained in field-grown 
grapevines (Fig. 2), and there was significant reductions of 
berry mass and berry volume in the SDI treatment, which 
reached 75 % and 68 % of the control berries in ‘Tem-
pranillo’ and ‘Graciano’, respectively (Tab. 1). However, 
no significant differences in the relative skin mass were 
detected. In ‘Tempranillo’, SDI induced no changes in total 
soluble solids, juice pH, titratable acidity or total polyphe-
Fig. 2: Pre-dawn leaf water potential (Ψpd) and berry size of fruit-
ing cuttings of ‘Tempranillo’ and ‘Graciano’ grapevines subject-
ed to different irrigation treatments: full irrigation (Control), or 
sustained deficit irrigation (SDI). Values represent means ± SE 
(n = 5). Within each phenological stage and variety means were 
considered statistically different when P < 0.05. ns: not signifi-
cant. 
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nolic content but in ‘Graciano’ water deficit resulted in 
decreased must titratable acidity (Tab. 1). Some studies 
have reported increased concentration of polyphenols in 
water-stressed berries due to size reduction, increase in the 
relative skin mass ratio and/or stimulation of their biosyn-
thetic pathways (ESTEBAN et al. 2001, SIVILOTTI et al. 2005, 
CASTELLARIN et al. 2007b). However, this seems not to be a 
general response due to differences in the cultivar studied 
and, in the timing, severity and duration of water deficit. 
In our case, no changes in polyphenol contents could have 
resulted from a reduction in polyphenolic biosynthesis 
that may be compensated by a concentration effect due to 
smaller berries (NICULCEA et al. 2013). 
Berry phenolic composition: The results of the current 
study showed that berry skin anthocyanins were dominated 
by malvidin-3-glucosides regardless the variety and water 
irrigation applied (Tab. 2) as observed for a number of 
other grapevine varieties (MAZZA et al. 1999, KALLITHRAKA 
T a b l e  1
Main plant and berry characteristics and composition recorded at harvest from fruiting cuttings of 
‘Tempranillo’ and ‘Graciano’ subjected to different irrigation treatments during berry ripening: full 
irrigation (Control) or sustained deficit irrigation (SDI)
Measurement
Tempranillo Graciano
Control SDI Control SDI
Vine vigour
     Leaf area (m2∙plant-1) 0.37 a 0.11 b 0.23 a 0.09 b
     Yield (g∙plant-1) 212.08 a 115.71 b 143,65 a 85.50 b
     Leaf area/crop mass (cm2∙g-1) 17.5 a 9.5 b 16.1 a 9.5 b
Berry characteristics
     Berry volume (mm3) 969 a 735 b 667 a 455 b
     Berry water content (g water∙g-1 FM, %) 87 a 88 a 85 a 81 a
     Relative skin mass (% of berry FM) 30.1 a 35.3 a 26.5 a 30.7 a
Fruit composition
Total soluble solids (°Brix) 21.6 a 20.1 a 19.0 a 21.2 a
Juice pH 3.7 a 3.8 a 2.7 a 3.0 a
Titratable acidity (g∙L-1) 5.8 a 4.7 a 7.4 a 4.6 b
Total polyphenols (mg∙L-1) 2.56 a 2.51 a 3.16 a 3.22 a
Values represent means (n = 5). Within each file and variety, means followed by a different letter are 
significantly different (P < 0.05). FM indicates fresh mass. 
T a b l e  2
Effect of irrigation treatment (SDI and control) on anthocyanin derivatives determined at harvest in grape berries 
of fruiting cuttings of ‘Tempranillo’ and ‘Graciano’
Tempranillo Graciano
Control SDI Control SDI
3-Monoglucosides (mg∙kg-1) Delphinidin 250.6 a 92.2 b 229.1 a 183.3 a
Cyanidin 44.5 a 12.4 b 55.8 a 40.4 a
Petunidin 170.5 a 70.9 b 173.0 a 154.3 a
Peonidin 89.2 a 42.1 b 140.0 a 162.5 a
Malvidin 486.3 a 335.0 b 530.5 a 623.8 a
% of total 86.7 a 72.2 b 83.4 a 77.9 b
3-Acetyl-glucosides (mg∙kg-1) Delphinidin 5.4 a 2.4 b 19.1 a 13.5 b
Cyanidin 0.3 a 0.5 a 5.2 a 3.7 b
Petunidin 4.5 a 2.7 b 1.6 b 2.1 a
Peonidin 2.0 a 1.6 b 59.2 a 65.8 a
Malvidin 15.4 a 16.0 a 10.1 a 11.8 a
% of total 2.5 b 3.4 a 7.0 a 6.9 a
3 p-Coumaroyl-glucosides (mg∙kg-1) Delphinidin N.D. N.D. 20.9 a 20.2 a
Cyanidin 21.7 a 20.0 a 8.7 b 13.6 a
Petunidin 3.1 b 7.3 a 19.7 a 24.7 a
Peonidin N.D. N.D. 14.1 b 28.1 a
Malvidin 88.8 b 13.8 a 63.4 b 10.9 a
% of total 10.8 b 24.4 a 9.6 b 15.2 a
Values represent means (n = 25). Within each file and variety, means followed by a different letter are significantly 
different (P<0.05). ND: not detected. 
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et al. 2009). However, anthocyanin qualitative profiles in 
well-watered and SDI plants were significantly different 
for some compounds because each grape cultivar is char-
acterized by a distinct set of anthocyanins (HE et al. 2010, 
DAI et al. 2011). In response to the SDI treatment, total an-
thocyanin concentration at harvest was decreased in ‘Tem-
pranillo’ grapevines (Fig. 3). Consistent with our results, a 
reduction in the amount of anthocyanins has been reported 
elsewhere by ESTEBAN et al. (2001). Application of differ-
ent water treatments also resulted in changes of individu-
al anthocyanin composition in both varieties (Tab. 2). In 
‘Tempranillo’, the concentration of all glucosides deriva-
tives at harvest was decreased by SDI, while increases of 
contribution of 3-p-coumaroyl and 3-acetyl-glucosides to 
total anthocyanins occurred in response to SDI (Tab. 2). 
Increased proportion of 3-p-coumaroyl-glucosides was due 
to increased derivatives of malvidin and petunidin. In ‘Gra-
ciano’, SDI treatment did no modified total concentration 
of anthocyanins and amounts of glucosides derivatives. In 
this variety, the contribution of 3-p-coumaroyl-glucosides 
to total anthocyanins increased and was due mainly to in-
creased derivatives of cyanidin, peonidin and malvidin. 
In the same way, other authors have shown that degree of 
hydroxylation and methoxylation of the anthocyanins in 
grape berries may be altered by changes in irrigation man-
agement (BINDON et al. 2008). Thus, it has been reported 
that water deficit can enhance accumulation of anthocy-
anins, through the stimulation of anthocyanin hydroxyla-
tion that converts hydroxylated anthocyanins (cyanidin and 
delphinidin) into their methoxylated derivates (peonidin, 
petunidin and malvidin) through the differential regulation 
of flavonoid 3’-hydroxylase, flavonoid 3’, 5’-hydroxylase 
and O-methyltransferase (CASTELLARIN et al. 2007b), as 
showed previously in ‘Cabernet Sauvignon’ (CASTELLARIN 
et al. 2007b, DELUC et al. 2009), ‘Shiraz’ (OLLÉ et al. 2011) 
and ‘Tempranillo’ (SANTESTEBAN et al. 2011). In ’Graciano’ 
significant levels of 3-monoglucoside of delphinidin and 
its p-coumaroylated derivatives were detected (Tab. 3). 
The flavonol production begins before the veraison, 
and increases during berry ripening (IVANOVA et al. 2011) 
(Fig. 3). Our results showed significant changes in the to-
tal concentration of flavonols at harvest in both varieties 
subjected to water deficit conditions (Fig. 3). Thus, SDI 
treatment reduced flavonol concentrations in ‘Tempranillo’ 
and this decrease was due mainly to decreased myricetin 
3-O-glucoside (Tab. 3). By contrast in ‘Graciano’, flavo-
nol accumulation was stimulated under SDI conditions be-
cause increased concentration of quercetin-3-O-glucoside, 
myricetin and isorhamnetin. The observed differential 
responses of anthocyanins and flavonols to water deficit 
irrigation could be a result of the little turnover of anthocy-
anins that once formed they are accumulated in the skin, 
Fig. 3: Concentration of monomeric anthocyanins, flavonols, hydroxycinnamic acids and catechins at different stages of berry growth 
and ripening of ‘Tempranillo’ and ‘Graciano’ grapevines subjected to different irrigation treatments: full irrigation (Control), or sus-
tained deficit irrigation (SDI). Values represent means ± SE (n = 25). Within each phenological stage and variety means were consid-
ered statistically different when P < 0.05. ns: not significant.
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while flavonols are used for the synthesis of other com-
pounds and are easily degraded (ADAMS 2006). Although 
it was reported that deficit irrigation has a moderate ef-
fect on flavonol synthesis in red cultivars (GRIMPLET et al. 
2007, SOFO et al. 2012) our findings reinforced the idea 
that flavonol accumulation under water deficit conditions 
differed between grape varieties (DELUC et al. 2009). Thus, 
the predominant flavonols in ‘Tempranillo’ were myricetin 
3-O glucoside and quercetin 3-O glucuronide + quercetin 
3-O glucoside (Tab. 3). In contrast, the main flavonols 
found in ‘Graciano’ berries were quercetin 3-O-glucoside, 
myricetin, quercetin and isorhamnetin. 
The highest amounts of hydroxycinnamic acids and 
catechins were found at pea size stage and then, they de-
creased until harvest (Fig. 3). Similar patterns for these 
compounds were reported in ‘Cabernet Sauvignon’ and 
‘Carménère’ grapes (OBREQUE-SLIER et al. 2010). At verai-
son, SDI treatment provoked a significant reduction of to-
tal hydroxycinnamic acids and catechins in ‘Graciano’, but 
no significant alterations were detected in ‘Tempranillo’. 
In well-watered plants, t-caftaric acid was found to be the 
main hydroxycinnamic acid, accounting for 55 % of the 
total regardless of variety (Tab. 3). In ‘Tempranillo’, SDI 
treatment resulted in increased t-caftaric and caffeic acids. 
By contrast in ‘Graciano’, although water-deficit irriga-
tion did not alter total hydroxycinnamic acids at harvest, 
its individual composition was modified. Thus, SDI treat-
ment reduced concentrations of t-caftaric, c-coutaric and 
t-coutaric and increased concentrations of coumaric and 
ferulic acids (Tab. 3). 
Overall, characterization of phenolic composition of 
‘Tempranillo’ and ‘Graciano’ subjected to deficit irrigation 
conditions suggests that ‘Graciano’ could result in improved 
fruit quality. Specifically, the higher levels of peonidin-3-
acetyl-glucoside found in ‘Graciano’ could confer a deep 
red color when transferred from grape to the correspond-
ing wine that could represent a positive sensory parameter 
(SANTOS-BUELGA and DE FREITAS 2009). In addition, the 
higher contribution of total acetylated anthocyanins also 
could constitute a positive qualitative index (Tab. 2), and 
the changes in hydroxycinnamic acid composition could 
be relevant because they are involved in browning reac-
tions, and since they are precursors of volatile phenols in 
wine (ROMEYER et al. 1983, CHATONNET et al. 1993).
Conclusion
This study provides evidence of a variety-dependent 
response of phenolic accumulation and composition to 
sustained deficit irrigation applied during berry growth 
and ripening. Thus, in ‘Tempranillo’ water deficit irriga-
tion reduced contents of total anthocyanins and flavonols 
and increased hydroxycinnamic acids. In ‘Graciano’, wa-
ter limitation resulted in increased flavonols and reduced 
monomeric flavan-3-ols (catechins). Under water deficit 
irrigation, ‘Graciano’ achieved higher contents of total 
anthocyanins and flavonols than ‘Tempranillo’, and analy-
ses of monomeric phenolic compounds suggest that under 
these conditions, ‘Graciano’ could result in improved fruit 
quality. However, although pot experiments enable opti-
mal control of grapevine irrigation, which is necessary to 
assure that both varieties experience the required water 
stress, extrapolations to field-grown grapevines should be 
made with due caution.
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ND: not detected. 
 Characterization of phenolic composition of ‘Tempranillo’ and ‘Graciano’ subjected to deficit irrigation 15
was the recipient of a grant from Asociación de Amigos de la 
Universidad de Navarra. 
References
ADAMS, D.O.; 2006: Phenolics and ripening in grape berries. Am. J. Enol. 
Vitic. 57, 249-256.
ANTOLÍN, M. C.; SANTESTEBAN, H.; AYARI, M.; AGUIRREOLEA, J.; SÁNCHEZ-
DÍAZ, M.; 2010: Grapevine fruiting cuttings: an experimental sys-
tem to study grapevine physiology under water deficit conditions. 
In: S. DELROT; H. MEDRANO GIL; E. OR; L. BAVARESCO; S. GRANDO 
(Eds): Methodologies and Results in Grapevine Research, 151-163. 
Springer Science+Business Media B.V. 
BINDON, K.; DRY, P.; LOVEYS, B.; 2008: Influence of partial rootzone dry-
ing on the composition and accumulation of anthocyanins in grape 
berries (Vitis vinifera cv. Cabernet Sauvignon). Aust. J. Grape Wine 
Res. 14, 91-103. 
BOULTON, R.; 2001: The copigmentation of anthocyanins and its role in the 
color of red wine. A critical review. Am. J. Enol. Vitic. 52, 67-87. 
CASTELLARIN, S. D.; PFEIFFER, A.; SIVILOTTI, P.; DEGAN, M.; PETERLUNGER, E.; 
DI GASPERO, G.; 2007a: Transcriptional regulation of anthocyanin 
biosynthesis in ripening fruits of grapevine under seasonal water 
deficit. Plant Cell Environ. 30, 1381-1399. 
CASTELLARIN. S. D.; MATTHEWS, M. A.; DI GASPERO, G.; GAMBETTA, G. A.; 
2007b: Water deficits accelerate ripening and induce changes in 
gene expression regulating flavonoid biosynthesis in grape berries. 
Planta 227, 101-112. 
CERVERA, M. T.; CABEZAS, J. A.; RODRÍGUEZ-TORRES, I.; CHÁVEZ, J.; CA-
BELLO, F.; MARTÍNEZ-ZAPATER, J. M.; 2002: Varietal diversity within 
grapevine accessions of cv. Tempranillo. Vitis 41, 33-36.
CHALMERS, Y. M.; DOWNEY, M. O.; KRSTIC, M. P.; LOVEYS, B. R.; DRY, P. R.; 
2010: Influence of sustained deficit irrigation on colour parameters 
of Cabernet Sauvignon and Shiraz microscale wine fermentations. 
Aust. J. Grape Wine Res. 16, 301-313. 
CHATONNET, P.; DUBOURDIEU, D.; BOIDRON, J. N.; LAVIGNE, V.; 1993: Syn-
thesis of volatile phenols by Saccharomyces cerevisiae in wines. J. 
Sci. Food Agr. 62, 191-202.
CHAVES, M. M.; ZARROUK, O.; FRANCISCO, R.; COSTA, J. M.; SANTOS, T., 
REGALADO, A. P.; RODRIGUES, M. L.; LOPES, C. M.; 2010: Grapevine 
under deficit irrigation: hints from physiological and molecular data. 
Ann. Bot. 105, 661-676. 
COOMBE, B. G.; 1995: Adoption of a system for identifying grapevine 
growth stages. Aust. J. Grape Wine Res. 1, 104-110. 
DAI, Z.W.; OLLAT, N.; GOMÈS, E.; DECROOCP, S.; TANDONNET, J. P.; BORDE-
NAVE, L.; PIERI, P.; HILBERT, G.; KAPPEL, C.; VAN LEEUWEN, C.; VIVIN, 
P.; DELROT, S.; 2011: Ecophysiological, genetic, and molecular caus-
es of variation in grape berry weight and composition. A review. 
Am. J. Enol. Vitic. 62, 413-425.
DELUC, L. G.; QUILICI, D. R.; DECENDIT, A.; GRIMPLET, J.; WHEATLEY, D.; 
SCHLAUCH, A.; MÉRILLON, J. M.; CUSHMAN, J. C.; CRAMER, G. R.; 
2009: Water deficit alters differentially metabolic pathways affect-
ing important flavour and quality traits in grape berries of Cabernet 
Sauvignon and Chardonnay. BMC Genomics 10, 212.
DOWNEY, M. O.; DOKOOZLIAN, N. K.; KRSTIC, M. P.; 2006: Cultural prac-
tice and environmental impacts on the flavonoid composition of 
grapes and wine: a review of recent research. Am. J. Enol. Vitic. 
57, 257-268. 
ESTEBAN, M. A.; VILLANUEVA, M. J.; LISSARRAGUE, J. R.; 2001: Effect of 
irrigation on changes in the anthocyanin composition of the skin of 
cv. Tempranillo (Vitis vinifera L) grape berries during ripening. J. 
Sci. Food Agr. 81, 409-420. 
FERRER-GALLEGO, R.; HERNÁNDEZ-HIERRO, J. M.; RIVAS-GONZALO, J. C.; 
ESCRIBANO-BAILÓN, M. T.; 2011: Multivariate analysis of sensory 
data of Vitis vinifera L. cv. Graciano during ripening. Correlation 
with the phenolic composition of the grape skins. CyTA-J. Food 9, 
290-294.
GARCIA-MARINO, M.; HERNANDEZ-HIERRO, J. M.; SANTOS-BUELGA, C.; RI-
VAS-GONZALO, J. C.; ESCRIBANO-BAILON, M. T.; 2011: Multivariate 
analysis of the polyphenol composition of Tempranillo and Gra-
ciano red wines. Talanta 85, 2060-2066.
GAWELL, R.; 1998: Red wine astringency: A review. Aust. J. Grape Wine 
Res. 4, 74-95. 
GRIMPLET, J.; DELUC, L. G.; TILLET, R. L.; WHEATLEY, M. D.; SCHLAUCH, 
K. A.; CRAMER, G. R.; CUSHMAN, J. C.; 2007: Tissue-specific mRNA 
expression profiling in grape berry tissues. BMC Genomics 8, 187.
GUADALUPE, Z.; AYESTARÁN, B.; 2008: Changes in the color components 
and phenolic content of red wines from Vitis vinifera L. cv. Tem-
pranillo during vinification and aging. Eur. Food Res. Technol. 228, 
29-38.
GUADALUPE, Z.; SOLDEVILLA, A.; SÁENZ-NAVAJAS, M. P.; AYESTARÁN, B.; 
2006: Analysis of polymeric phenolics in red wines using different 
techniques combined with gel permeation chromatography fraction-
ation. J. Chromatogr. 1112, 112-120.
HE, F.; MU, L.; YAN, G. L.; LIANG, N. N.; PAN, Q. H.; WANG, J.; REEVES, 
M. J.; DUAN, C. Q.; 2010: Biosynthesis of anthocyanins and their 
regulation in colored grapes. Molecules 15, 9057-9091.
HUFNAGEL, J. C.; HOFMANN, T.; 2008: Orosensory-directed identification 
of astringent mouthfeel and bitter-tasting compounds in red wine J. 
Agric. Food Chem. 56, 1376–1386.
ILAND, P.; BRUER, N.; EDWARDS, G.; WEEKS, S.; WILKES, E.; 2004: Chemi-
cal Analysis of Grapes and Wine Techniques and Concepts. Patrick 
Iland Wine Books. Patrick Iland Wine Promotions. Campelltown, 
Australia.
IVANOVA, V.; STEFOVA, M.; VOJNOSKI, B.; DÖRNYEI, A.; MÄRK, L.; DIMOVS-
KA, V.; STAFILOV, T.; KILÁR, F.; 2011: Identification of polyphenolic 
compounds in red and white grape varieties grown in R. Macedo-
nia and changes of their content during ripening. Food Res. Int. 44, 
2851-2860. 
KALLITHRAKA, S.; ALIAJ, L.; MAKRIS, D. P.; KEFALAS, P.; 2009: Anthocyanin 
profiles of major red grape (Vitis vinifera L.) varieties cultivated in 
Greece and their relationship with in vitro antioxidant characteris-
tics. Int. J. Food Sci. Technol. 44, 2385-2393. 
MAZZA, G.; FUKUMOTO, L.; DELAQUIS, P.; GIRARD, B.; EWERT, B.; 1999: 
Anthocyanins, phenolics, and colour of Cabernet Franc, Merlot, and 
Pinot Noir wines from British Columbia. J. Agr. Food Chem. 47, 
4009-4017. 
MONAGÁS, M.; GÓMEZ-CORDOVÉS, C.; BARTOLOMÉ, B.; LAUREANO, O.; 
RICARDO DA SILVA, J. M.; 2003: Monomeric, oligomeric, and poly-
meric flavan-3-ol composition of wines and grapes from Vitis vinif-
era L. cv. Graciano, Tempranillo, and Cabernet Sauvignon. J. Agr. 
Food Chem. 51, 6475-6481. 
MULLINS, M. G.; 1966: Test-plants for investigations of the physiology of 
fruiting in Vitis vinifera L. Nature 209, 419-420. 
NICULCEA, M.; LÓPEZ, J.; SÁNCHEZ-DÍAZ, M.; ANTOLÍN, M. C.; 2013: In-
volvement of berry hormonal content in the response to pre-and 
post-veraison water deficit in different grapevine (Vitis vinifera L.) 
cultivars. Aust. J. Grape Wine Res (in press).
NÚÑEZ, V.; MONAGÁS, M.; GÓMEZ-CORDOVÉS, M. C.; BARTOLOMÉ, B.; 2004: 
Vitis vinifera L. cv. Graciano grapes characterized by its anthocyanin 
profile. Postharvest Biol. Tec. 31, 69-79.
OBREQUE-SLIER, E.; PEÑA-NEIRA, A.; LÓPEZ-SOLÍS, R.; ZAMORA-MARÍN, F.; 
RICARDO-DA SILVA, J.M.; LAUREANO, O.; 2010: Comparative study 
of the phenolic composition of seeds and skins from Carménère and 
Cabernet Sauvignon grape varieties (Vitis vinifera L.) during ripen-
ing. J. Agr. Food Chem. 58, 3591-3599.
OLLAT, N.; GÉNY, L.; SOYER, J. P.; 1998: Les boutures fructifères de vigne: 
validation d’un modèle d’étude de la physiologie de la vigne. I. Prin-
cipales caractéristiques de l’appareil végétatif. J. Int. Sci. Vigne Vin 
32, 1-9. 
OLLÉ, D.; GUIRAUD, J. L.; SOUQUET, J. M.; TERRIER, N.; AGEORGES, A.; CHEY-
NIER, V.; VERRIES, C.; 2011: Effect of pre- and post-veraison water 
deficit on proanthocyanidin and anthocyanin accumulation during 
Shiraz berry development. Aust. J. Grape Wine Res. 17, 90-100. 
ORTEGA-FARIAS, S.; FERERES, E.; SADRAS, V.O.; 2012: Special issue on wa-
ter management in grapevines. Irrig. Sci. 30, 335-337.
PELEG, H.; GACON, K.; SCHLICH, P.; NOBLE, A. C.; 1999: Bitterness and 
astringency of flavan-3-ol monomers, dimers and trimmers. J. Sci. 
Food Agr. 79, 1123-1128.
PEZZUTO, J. M.; 2008: Grapes and human health: a perspective. J. Agr. 
Food Chem. 56, 6777-6784. 
ROMEYER, F. M.; MACHEIX, J. J.; GOIFFON, J. P.; REMINIAC, C. C.; SAPIS, J. C.; 
1983: The browning capacity of grapes. 3. Changes and importance 
 16 M. NICULCEA et al.
of hydroxycinnamic acid-tartaric acid esters during development 
and maturation of the fruit. J. Agr. Food Chem. 31, 346-349. 
SANTESTEBAN, L. G.; MIRANDA, C.; ROYO, J. B.; 2011: Regulated deficit 
irrigation effects on growth, yield, grape quality and individual an-
thocyanin composition in Vitis vinifera L. cv. Tempranillo. Agr. Wa-
ter Manage. 98, 1171-1179.
SANTOS-BUELGA, C.; DE FREITAS, V.; 2009: Influence of phenolics on 
wine organoleptic properties. In: M. V. MORENO-ARRIBAS, C. POLO 
(Eds): Wine Chemistry and Biochemistry, 529-570. New York, USA 
(Springer).
SCHWARZ, M.; PICAZO-BACETE, J. J.; WINTERHALTER, P.; HERMOSÍN-GUTIÉR-
REZ, I.; 2005: Effect of copigments and grape cultivar on the color of 
red wines fermented after the addition of copigments. J. Agr. Food 
Chem. 53, 8372-8381.
SIVILOTTI, P.; BONETTO, C.; PALADIN, M.; PETERLUNGER, E.; 2005: Effect 
of soil moisture availability ON Merlot: from leaf water potential to 
grape composition. Am. J. Enol. Vitic. 56, 9-18. 
SMART, R.; ROBINSON, M.; 2006: Sunlight into Wine: A Handbook for 
Winegrape Canopy Management. Winetitles, Adelaide. 
SOFO, A.; NUZZO, V.; TATARANNI, G.; MANFRA, M.; DE NISCO, M.; SCO-
PA, A.; 2012: Berry morphology and composition in irrigated and 
non-irrigated grapevine (Vitis vinifera L.). J. Plant Physiol. 169, 
1023-1031. 
WATERHOUSE, A. L.; 2002: Wine phenolics. Ann. N. Y. Acad. Sci. 57, 
21-36.
Received October 7, 2013
